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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS — — 

[Claim(s)] 

[Claim 1] It is the magnetic-thin-film memory device which has the 1st magnetic layer and the 2nd 
magnetic layer with an parallel easy axis by which the laminating was carried out on both sides of the 
insulating layer, and is characterized by the coercive force of this 2nd magnetic layer having the part 
from which it is larger than the coercive force of this 1st magnetic layer, and the tunnel effect is acquired 
between this 1 st magnetic layer and this 2nd magnetic layer. 

[Claim 2] The magnetic-thin-film memory device characterized by using diamond-like carbon as an 
ingredient of an insulating layer in a magnetic-thin-film memory device according to claim 1. 
[Claim 3] The magnetic-thin-film memory device characterized by using poly paraxylene as an 
ingredient of an insulating layer in a magnetic-thin-film memory device according to claim 1. 
[Claim 4] The magnetic-thin-film memory device characterized by using the oxide which contains 
aluminum as an ingredient of an insulating layer in a magnetic-thin-film memory device according to 

claim 1. , . . 

[Claim 5] Magnetic-thin-film memory to which said magnetic-thin-film component compared with the 
storage element part in which one of magnetic-thin-film memory devices according to claim 1 to 4 was 
arranged in the shape of a matrix in length or a longitudinal direction is characterized by having two 
write-in lines which were connected to the serial, and which read and were formed in the direction 
perpendicular to a direction parallel to a line and this read-out line through the insulating material. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention starts the magnetic-thin-film memory which memorizes 
information by the difference in the magnetization direction, and relates to the magnetic-thin-film 
memory which reproduces the information by which magnetic recording was carried out especially 
according to the magnetic tunneling effectiveness. 
[0002] 

[Description of the Prior Art] As nonvolatile memory currently used for current and an information 
processor, there are a flash EEPROM, a hard disk drive unit, etc. In these nonvolatile memory, the thing 
of write-in time amount and read-out time amount to shorten has been an important technical problem 
with improvement in the speed of an information processor. 

[0003] The magnetic-thin-film memory device using giant magneto-resistance (GMR) is known as a 
technique effective in improvement in the speed of this nonvolatile memory. It is the phenomenon 
which this giant magneto-resistance does not show the magnetic-reluctance rate of change exceeding an 
anisotropy magneto-resistive effect (AMR), it does not depend for resistance on the include angle of a 
current and a field unlike AMR, but resistance becomes min when the magnetization direction of two 
magnetic layers with an parallel easy axis is the same direction, and becomes max in the case of hard 
flow (180-degree hard flow). 

[0004] In the nonvolatile memory using the above-mentioned giant magneto-resistance, information is 
memorized according to the magnetization direction of two magnetic layers which counter on both sides 
of a non-magnetic layer. There are a spin bulb mold which writes information in the magnetic layer from 
which the magnetization direction changes only by adding a weak field as nonvolatile memory using 
this giant magneto-resistance, and an induction ferry mold which writes information in the magnetic 
layer from which the magnetization direction does not change if a strong field is not added. 
[0005] [Spin bulb mold] There is a thing called spin bulb to memorize information to the magnetic layer 
from which the magnetization direction changes only by adding a weak field. Spin bulbs are the 
multilayers which combined the magnetic layer (henceforth a free layer) from which the magnetization 
direction changes freely in the magnetic layer (henceforth a pin layer) to which the magnetization 
direction was fixed, and an external magnetic field, and have the property that resistance differs by the 
case where they are the case where a pin layer and the free magnetization direction are the same 
directions, and hard flow. For example, the example of the magnetic thin film which carried but the 
laminating of magnetic layer NiFe / non-magnetic layer Cu / magnetic layer NiFe / the 
antiferromagnetism layer FeMn is shown in Phys.Rev.B, and 43 and 1297 (1991). In this magnetic thin 
film, the exchange anisotropy in a NiFe/FeMn interface is fixed and the magnetization direction of the 
magnetic layer (pin layer) which adjoined the antiferromagnetism layer can change the magnetization 
direction of the magnetic layer (free layer) of another side freely by adding a suitable external magnetic 
field. Therefore, if an external magnetic field is added and only the magnetization direction of a free 
layer is changed, the magnetization direction of two magnetic layers can be made into the same direction 
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or hard flow. 

[0006] What was shown in USP-5,343,422 is known as a magnetic-thin-film memory device using this 
spin bulb film. In this magnetic-thin-film memory device, the written-in information is read by the 
magnetization direction of two magnetic layers writing in binary "0" and "1" as two conditions of the 
same direction or hard flow, and detecting the difference in the resistance in both conditions. When 
reading the difference in the resistance in both the above-mentioned conditions this type of case, while 
passing the current to the magnetic-thin-film memory device, it was difficult to read the information 
which needs to add an external magnetic field, may change after the information (the magnetization 
direction of a free layer) currently written in by this external magnetic field reads, and is written in by 
un-destroying. 

[0007] The example of the magnetic thin film of the induction ferry mold which carried out the 
laminating of the soft magnetism layer (software layer) set to [induction ferry mold] Jpn.J.Appl.Phys.33 
(1994) L1668 from the high hard magnetism layer (hard layer) and high NiFeCo of the coercive force 
which consists of CoPt through the non-magnetic layer Cu is shown. In this magnetic thin film, when it 
is the case where the magnetization direction of a hard layer and a software layer is the same direction, 
and hard flow, that resistance changes. 

[0008] As a magnetic-thin-film memory device using this magnetic thin film, Jpn.J.Appl.Phys.Part2 and 
the thing shown in 34 (1994)L415 are known. In this magnetic-thin-film memory device, since 
information is written in a hard layer, it can read, without destroying the information currently written 
in. 

[0009] Here, the case where it reads with the case where information is written in this magnetic-thin- 
film memory device is explained from drawing 12 with reference to the mimetic diagram of the thin film 
cross section shown in drawing 14 R> 4. 

[0010] Drawing 12 shows the case where information is written in this magnetic-thin-film memory 
device. As shown in this drawing, this magnetic-thin-film memoiy device consists of the software layer 
(magnetic layer) 41 and the hard layer (magnetic layer) 42 by which the laminating was carried out 
through the non-magnetic layer 43. Moreover, 10 is a write-in line which generates an external magnetic 
field, and the software layer 41 and the hard layer 42 are magnetized in the direction of the external 
magnetic field which generated the write-in line 10 according to the flowing current. And when it is 
drawing 12 (a) by which binary "0" and "1" are assigned in the two magnetization directions of the hard 
layer 42, Counterclockwise external magnetic field 10a occurs [ consequently ]. The magnetization 
direction of the software layer 4141a, The magnetization direction of the hard layer 42 is set to 42a, 
and, in (b), clockwise external magnetic field 10b occurs, consequently 41b and the magnetization 
direction of the hard layer 42 are set to 42b by the magnetization direction of the software layer 41. In 
addition, in writing, it is necessary to add the external magnetic field of sufficient reinforcement to 
change the magnetization direction of not only the software layer 41 but the hard layer 42. 
[001 1] Drawing 13 shows the case where the information written in by external magnetic field 10a of 
the counterclockwise rotation shown in drawing 12 (a) is read. Usually, in this order, weak external 
magnetic field 10b of a clockwise rotation as indicated the information written in the magnetic-thin-film 
memory device to be weak (magnetic field strength from which only the magnetization direction of the 
software layer 41 changes) external magnetic field 10a of a counterclockwise rotation when reading, as 
shown in drawing 13 (a) to (b) writes in so that it may be added to a magnetic-thin-film memory device, 
and it passes a current on a line 10. Under the present circumstances, Current Ir is passed on the read-out 
line 5 linked to a magnetic-thin-film memory device. 

[0012] Here, since magnetization direction 41a of the software layer 41 and magnetization direction 42a 
of the hard layer 42 become in the same direction when counterclockwise weak external magnetic field 
10a is added, and magnetization direction 41b of the software layer 41 and magnetization direction 42a 
of the hard layer 42 become hard flow when clockwise weak external magnetic field 10a is added, the 
resistance of a magnetic-thin-film memory device changes with change of this external magnetic field 
from low resistance to high resistance. Therefore, the electrical potential difference V of the output side 
of a magnetic-thin-film memory device descends at the time of change of an external magnetic field. 
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[0013] Drawing 14 shows the case where the information written in by external magnetic field 10b of 
the clockwise rotation shown in drawing 8 (b) is read. 

[0014] When weak external magnetic field 10a of a counterclockwise rotation as shown in (a) is added 
here When magnetization direction 41a of the software layer 41 and weak external magnetic field 10a of 
a clockwise rotation as shown in (b) by magnetization direction 42b of the hard layer 42 becoming hard 
flow are added Since magnetization direction 41b of the software layer 41 and magnetization direction 
42b of the hard layer 42 become in the same direction, the resistance of a magnetic-thin-film memory 
device changes with change of this external magnetic field from high resistance to low resistance. 
Therefore, the electrical potential difference V of the output side of a magnetic-thin-film memory device 
rises at the time of change of an external magnetic field. 

[0015] As mentioned above, when changing the external magnetic field added more at a magnetic-thin- 
film memory device to change the current which flows the write-in line 10, a difference arises according 
to the magnetization direction of the hard layer 42 in fluctuation (a rise or descent) of the electrical 
potential difference V of the output side of a magnetic-thin-film memory device. Therefore, the 
information memorized as a magnetization direction of the hard layer 42 can be read by detecting 
fluctuation of this electrical potential difference V. 
[0016] 

[Problem(s) to be Solved by the Invention] However, in order to carry out the four or more layer 
laminating of the very thin magnetic layer of Thickness 10-200 A, and the conductive non-magnetic 
layers, such as Cu, structure and a production process became complicated, and the magnetic-thin-film 
memory device from which giant magneto-resistance is obtained had the high manufacturing cost. 
[0017] moreover, the memory device to which a memory device is arranged in the shape of a matrix, 
and is located in a line with length or a longitudinal direction by the usual magnetic-thin-film memory -- 
reading - a line ~ a serial - connection - now, it is. The thickness of this memory device is very as thin 
as hundreds A, and since that resistance is high, when magnetic-thin-film memory is constituted and a 
current is passed on a read-out line, the power loss by generation of heat and generation of heat becomes 
large. Therefore, it was difficult to make [ many ] an element number and to enlarge capacity of 
memory. 

[0018] Then, it is proposed in view of this conventional actual condition, and structure consists of a 
simple three-tiered structure, there are few power losses at low resistance, and this invention aims at 
offering the magnetic-thin-film memory device in which large-capacity-izing is possible, and magnetic- 
thin-film memory. 
[0019] 

[Means for Solving the Problem] The magnetic-thin-film memory device concerning this invention has 
the 1st magnetic layer and the 2nd magnetic layer with an parallel easy axis by which the laminating was 
carried out on both sides of the insulating layer, the coercive force of this 2nd magnetic layer is larger 
than the coercive force of this 1st magnetic layer, and it is characterized by there being a part from 
which the tunnel effect is acquired between this 1st magnetic layer and this 2nd magnetic layer. 
[0020] Moreover, the magnetic-thin-film memory device concerning this invention is characterized by 
using diamond-like carbon as an ingredient of the insulating layer inserted into the 1st magnetic layer of 
the above, and the 2nd magnetic layer. 

[0021] Moreover, the magnetic-thin-film memory device concerning this invention is characterized by 
using poly paraxylene as an ingredient of the insulating layer inserted into the 1st magnetic layer of the 
above, and the 2nd magnetic layer. 

[0022] Moreover, the magnetic-thin-film memory device concerning this invention is characterized by 
using the oxide which contains aluminum as an ingredient of the insulating layer inserted into the 1st 
magnetic layer of the above, and the 2nd magnetic layer. 

[0023] Moreover, it is characterized by the magnetic-thin-film memory concerning this invention having 
two write-in lines by which said magnetic-thin-film component compared with the storage element part 
in which the magnetic-thin-film memory device of one of the above was arranged in the shape of a 
matrix in length or a longitudinal direction was connected to the serial and which read and were formed 
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in the direction perpendicular to a direction parallel to a line and this read-out line through the insulating 

material. 

[0024] 

[Function] According to the magnetic-thin- film memory device concerning this invention, big magnetic- 
reluctance rate of change (MR rate of change) can be obtained by the simple three-tiered structure. 
[0025] Moreover, since the current which flows an insulating layer according to the tunnel effect flows 
in the direction perpendicular to the stratification plane of an insulating layer, it can make small 
resistance of a magnetic-thin- film memory device. 

[0026] Moreover, when the oxide which uses diamond RAIKUKA-Bonn, the poly PARAKI silylene, or 
aluminum as a principal component is used as an ingredient of an insulating layer, the tunnel junction 
from which the tunnel effect is acquired can be formed easily. 

[0027] Moreover, according to the magnetic-thin-film memory using the magnetic-thin-film memory 

device concerning this invention, since it is a three-tiered structure with a simple memory device, 

magnetic-thin-film memory can be manufactured by the simple production process. 

[0028] Moreover, according to the magnetic-thin-film memory using the magnetic-thin-film memory 

device concerning this invention, resistance of a component is small, and in the condition of not 

impressing a field, since a component will be in a low resistance condition, while large capacity-ization 

of memory is attained, the magnetic-thin-film memory of a low power can be offered. 

[0029] 

[Example] 

The magnetic-thin-film memory device concerning [configuration of magnetic-thin-film memory device 
concerning this invention] this invention has the three-tiered structure which carried out the tunnel 
junction of the 1st magnetic layer and the 2nd magnetic layer through the insulating layer, and uses the 
magnetic tunneling effectiveness of appearing between the 1st magnetic layer of the above, and the 2nd 
magnetic layer. Even if it separates a metal and a semi-conductor by the thin insulating layer and 
generally makes the potential barrier, conduction electron passes an insulating layer to some extent 
according to the tunnel effect. Moreover, since it depends for the electronic state of a ferromagnetic 
metal on spin, depending on whenever [ angular relation / of the magnetization direction of these 
magnetic layers ] for the tunnel effect which shows up between the 1st magnetic layer of the above and 
the 2nd magnetic layer is known (J. Magn.Magn.Mater.98(1991) L7-L9). And the magneto-resistive 
effect in such a part by which the tunnel junction was carried out is called magnetic tunneling 
effectiveness. 

[0030] Moreover, the easy axis of the 1st magnetic layer and the 2nd magnetic layer contributed to the 
above-mentioned magnetic tunneling effectiveness is parallel, and the coercive force of the 2nd 
magnetic layer is larger than the coercive force of the 1st magnetic layer. Therefore, only the 1st 
magnetic layer can change the magnetization direction of the both sides of the 1st magnetic layer and the 
2nd magnetic layer by adjusting the reinforcement of the external magnetic field added to the 1 st 
magnetic layer and the 2nd magnetic layer. 

[0031] And electric resistance becomes low according to the above-mentioned magnetic tunneling 
effectiveness at the time of the same direction, and the magnetization direction of the 1st magnetic layer 
and the 2nd magnetic layer becomes high at the time of hard flow (180-degree hard flow), therefore, the 
case (for example, when the magnetization direction is changed rightward from the left) where the 
magnetization direction of only the 1st magnetic layer is changed in fixed sequence by the external 
magnetic field — the magnetization direction of the 2nd magnetic layer — responding - electric 
resistance — the high resistance from low resistance — or it changes from high resistance to low 
resistance. 

[0032] Here, since the magnetization direction needs to change by the weakest possible external 
magnetic field, the smaller one of coercive force is good and the 1st magnetic layer is below 10 [Oe] 
more preferably below 50 [Oe]. It is because the current which generates a strong external magnetic 
field is needed when changing the magnetization direction, so it may malfunction by generation of heat 
and a noise increasing when magnetic-thin-film memory is constituted when it is larger than 50 [Oe] to 
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have made the range of coercive force below into 50 [Oe] here. In addition, although the magnitude of 
the coercive force of a magnetic layer can be set as predetermined magnitude by adjusting a 
presentation, thickness, and membrane formation conditions, as for thickness, it is desirable that it is 5- 
lOOnm. It is because the film becomes island-like, so electric resistance becomes high and is not 
desirable if thinner than 5nm. Moreover, Fe, NiFe, NiFeCo, etc. can be used as an ingredient of the 1st 
magnetic layer. 

[0033] On the other hand, it is necessary to make coercive force of the 2nd magnetic layer larger than 
the coercive force of the 1st magnetic layer, and it is more than 100 [Oe] more preferably more than 50 
[Oe]. It is because the magnetization direction may be disturbed under the effect of an external 
turbulence field etc. and memory may be destroyed, if it is smaller than 50 [Oe] to have carried out the 
range of coercive force to more than 50 [Oe] here. In addition, by adjusting a presentation, thickness, 
and membrane formation conditions, the magnitude of the coercive force of the 2nd magnetic layer can 
also be set as predetermined magnitude, and it is [ as well as the 1st magnetic layer ] desirable about 
thickness that it is 5-100nm. Moreover, Co, CoFe, CoPt, MnSb, etc. can be used as an ingredient of the 
2nd magnetic layer. 

[0034] The difference of the coercive force of the 1st magnetic layer of the above and the 2nd magnetic 
layer is required for more than 20 [Oe], and is more than 100 [Oe] more preferably more than 50 [Oe]. It 
is because the permission fluctuation range of the current for generating the permission fluctuation range 
of the external magnetic field added in order to change only the magnetization direction of the 1 st 
magnetic layer, i.e., this external magnetic field, when reading information will become small if having 
carried out the difference of coercive force to more than 20 [Oe] here has the difference of coercive 
force smaller than 20 [Oe]. 

[0035] Moreover, in order to acquire the above-mentioned magnetic tunneling effectiveness, it is 
necessary to make thin to homogeneity thickness of the insulating layer inserted into the 1st magnetic 
layer of the above, and the 2nd magnetic layer, and the range of it is l-10nm more preferably l-20nm. It 
is because the tunneling effectiveness will not happen if thicker [ if it is thinner than lnm to have set the 
range of the thickness of an insulating layer to l-20nm here, a pinhole will increase and the uniform 
potential barrier will not be formed, but ] than 20nm. Therefore, although the oxide which uses diamond 
RAIKUKA-Bonn (henceforth DLC), the poly PARAKI silylene, and aluminum as a principal 
component is mentioned as an ingredient with which the ingredient with little generating of a pinhole 
etc. was needed and with which film thickness was also suitable for this as an ingredient of an insulating 
layer, it is desirable to use DLC or the poly PARAKI silylene. 

[0036] The case where information is written in the magnetic-thin-film memory device concerning 
[principle of operation of magnetic-thin-film memory device concerning this invention] this invention, 
and the case where it reads from a magnetic-thin-film memory device are explained from drawing 1 with 
reference to the mimetic diagram of the thin film cross section shown in drawing 3 . 
[0037] Drawing 1 shows the case where information is written in this magnetic-thin-film memory 
device. As shown in this drawing, this magnetic-thin-film memory device consists of the 1st magnetic 
layer 1 and the 2nd magnetic layer 2 by which the laminating was carried out through the insulating 
layer 3. Moreover, 10 is a write-in line which generates an external magnetic field, and the 1st magnetic 
layer 1 and the 2nd magnetic layer 2 are magnetized in the direction of the external magnetic field which 
generated the write-in line 10 according to the flowing current. And binary "0" and "1" are assigned in 
the magnetization direction of the 2nd magnetic layer 2. 

[0038] In the case of drawing 1 (a), by counterclockwise external magnetic field 10a occurring 
according to the current which flows the write-in line 10 consequently, la and the magnetization 
direction of the 2nd magnetic layer 2 are set to 2a, and, as for the magnetization direction of the 1st 
magnetic layer 1, in (b), clockwise external magnetic field 10b generates them, consequently, in lb and 
the magnetization direction of the 2nd magnetic layer 2, the magnetization direction of the 1st magnetic 
layer 1 becomes 2b. In addition, in writing, it is necessary to add the external magnetic field of sufficient 
reinforcement to change the magnetization direction of not only the 1st magnetic layer 1 but the 2nd 
magnetic layer 2. 
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[0039] Drawing 2 shows the case where the information written in by external magnetic field 10a of the 
counterclockwise rotation shown in drawing 1 (a) is read. Usually, in this order, weak external magnetic 
field 10b of a clockwise rotation as indicated the information written in the magnetic-thin-film memory 
device to be weak (magnetic field strength from which only the magnetization direction of the 1st 
magnetic layer 1 changes) external magnetic field 10a of a counterclockwise rotation when reading, as 
shown in drawing 2 (a) to (b) writes in so that it may be added to a magnetic-thin-film memory device, 
and it passes a current on a line 10. Under the present circumstances, Current Ir is passed on the read-out 
line 5 linked to a magnetic-thin-film memory device. 

[0040] When counterclockwise weak external magnetic field 10a is added, here When magnetization 
direction la of the 1st magnetic layer 1 and magnetization direction 2a of the 2nd magnetic layer 2 
become in the same direction and add clockwise weak external magnetic field 10a Since magnetization 
direction lb of the 1st magnetic layer 1 and magnetization direction 2a of the 2nd magnetic layer 2 
become hard flow, the resistance of a magnetic-thin-film memory device changes with change of this 
external magnetic field from low resistance to high resistance. Therefore, when it is made to change at 
the time of change of an external magnetic field, i.e., the current which flows the write-in line 10, the 
electrical potential difference V of the output side of a magnetic-thin-film memory device descends. 
[0041] Drawing 3 shows the case where the information written in by external magnetic field 10b of the 
clockwise rotation shown in drawing 1 (b) is read. 

[0042] When counterclockwise weak external magnetic field 10a is added, here When magnetization 
direction 2b of the 2nd magnetic layer 2 becomes magnetization direction la of the 1st magnetic layer 1 
to hard flow and clockwise weak external magnetic field 10a is added Since magnetization direction lb 
of the 1st magnetic layer 1 and magnetization direction 2b of the 2nd magnetic layer 2 become in the 
same direction, the resistance of a magnetic-thin-film memory device changes with change of this 
external magnetic field from high resistance to low resistance. Therefore, the electrical potential 
difference V of the output side of a magnetic-thin-film memory device rises at the time of change of an 
external magnetic field. 

[0043] As mentioned above, when changing the external magnetic field added more at a magnetic-thin- 
film memory device to change the current which flows the write-in line 10, a difference arises according 
to the magnetization direction of the 2nd magnetic layer 2 in fluctuation of the electrical potential 
difference V of the output side of a magnetic-thin-film memory device. 

[0044] In addition, when an external magnetic field is removed and the magnetization direction of the 
1st magnetic layer differs from the magnetization direction of the 2nd magnetic layer, the magnetization 
direction of the 1st magnetic layer returns in the same direction as the magnetization direction of the 2nd 
magnetic layer with larger coercive force than the 1st magnetic layer. Therefore, since all the 
components that are not adding the external magnetic field become low resistance when a magnetic- 
thin-film memory device is arranged in the shape of a matrix and magnetic-thin-film memory is 
constituted, power loss by generation of heat and generation of heat can be made small. 
[0045] Drawing 4 (a) shows fluctuation of the electrical potential difference V of the output side of the 
magnetic-thin-film memory device when passing the playback pulse current (b) and (c) indicated the 
current (henceforth playback pulse current) which changes from + side which flows a write-in line to - 
side to be to (a), when reading information. Here, as shown in (a) of this drawing, when the current 
which flows a write-in line changes from + side to - side, the external magnetic field added to a 
magnetic-thin-film memory device changes, that is, the time of the field of drawing 2 and the 
counterclockwise rotation shown in 3 occurring at the time of + side, and being - side - drawing 2 R> - 
the field of the counterclockwise rotation shown in 2 and 3 occurs. And at the time of this change, 
according to the magnetization direction of the 2nd magnetic layer, the electrical potential difference V 
of the output side of a magnetic-thin-film memory device rises, as shown at (b), or as shown in (c), it 
descends. Therefore, when reading information, the magnetization direction of the 2nd magnetic layer 
can be judged by detecting the voltage variation produced on the read-out line which connects with a 
sink at a write-in line, and connects playback pulse current with the output side of a magnetic-thin-film 
memory device then. 
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[0046] Moreover, when reading information, even if it passes only the current by the side of + as shown 
in drawing 4 (d), the magnetization direction of the 2nd magnetic layer can be judged. In this case, when 
reading information, only the field ( drawing 2 , field of the counterclockwise rotation shown in 3) by 
the current by the side of + is impressed to a magnetic-thin-film memory device. And when this current 
is passed, according to the magnetization direction of the 2nd magnetic layer, the electrical potential 
difference V of the output side of a magnetic-thin-film memory device is not changed, as shown in (e), 
or as shown in (c), it is changed (it falls). Therefore, when a current is passed, the magnetization 
direction of the 2nd magnetic layer can be judged by detecting whether voltage variation arises. 
[0047] In addition, since the two magnetization directions of the 2nd magnetic layer are assigned to 
binary "0" and "1", a setup of the magnetization direction of the 2nd magnetic layer corresponds to the 
writing of the information on a magnetic-thin-film memory device, and detection of the magnetization 
direction of the 2nd magnetic layer corresponds to read-out of the information from a magnetic-thin-film 
memory device. 

[0048] The magnetic-thin-film memory concerning [magnetic-thin-film memory concerning this 
invention] this invention is explained with reference to drawing 8 from drawing 5 . 
[0049] Drawing 5 shows the top view (a) and its AA ! sectional view (b) of the one-element part in 
magnetic-thin-film memory, and the laminating of the 1st magnetic layer 1 and the 2nd magnetic layer 2 
linked to the read-out line 5 is carried out through the insulating layer 3. Here, the tunnel junction of the 
1st magnetic layer 1 and the 2nd magnetic layer 2 is carried out, and the part which the 1st magnetic 
layer 1 and the 2nd magnetic layer 2 overlapped becomes the tunnel junction section. Moreover, 
coercive force of the 2nd magnetic layer 2 is made larger than the coercive force of the 1st magnetic - 
layer 1 . 

[0050] In addition, in the magnetic-thin-film memory device of this invention, since a current flows in 
the direction perpendicular to the film surface of an insulating layer 3 as shown in the arrow head 8, 
resistance of a component becomes small, and generation of heat of a component can lessen the read-out 
current which flows the tunnel junction section. Moreover, formation of the component of 
subMIKURONO-DA - is attained, and it can large-capacity-ize memory. 

[0051] Moreover, the write-in line 10 is formed in the direction perpendicular to the easy axis 4 of the 
above-mentioned magnetic-thin-film memory device, and the write-in auxiliary line 20 is formed in the 
parallel direction. And the above-mentioned magnetic-thin-film memory device, the write-in line 10, 
and the write-in auxiliary line 20 are insulated by the insulator layer 7 and the insulator layer 6. 
[0052] The magnetic-thin-film memory device is arranged in the shape of a matrix by the part with 
which drawing 6 indicates the top view (a) and its BB' sectional view (b) of magnetic-thin-film memory 
to be, and writes in with the write-in lines 11, 12, and 13, and the part and auxiliary lines 21, 22, and 23 
cross at right angles. Here, it connects with a serial in the direction of a read-out auxiliary line, and the 
magnetic-thin-film memory device forms the read-out line. For example, in the part shown in BB 1 cross 
section, the part by which the magnetic-thin-film memory devices 31, 32, and 33 were connected to the 
serial becomes the read-out line 5. 

[0053] Thus, when write-in current sufficient when the magnetic-thin-film memory device is arranged in 
the shape of a matrix to change the magnetization direction of the 2nd magnetic layer of a magnetic- 
thin-film memory device to a write-in line is passed, all of the 1st magnetic layer and the 2nd magnetic 
layer of the magnetic-thin-film memory which passed the write-in current and which wrote in and was 
arranged along with the line will be magnetized in the direction of the field generated according to the 
write-in current. That is, writing is altogether performed in the magnetic-thin-film memory which passed 
the write-in current and which wrote in and was arranged along with the line. Therefore, when a 
magnetic-thin-film memory device is arranged in the shape of a matrix, information cannot be written 
only with the current which flows one write-in line in making only the magnetization direction of some 
components of a magnetic-thin-film memory device turn to in the desired magnetization direction, i.e., 
some components. 

[0054] Here, when making only the magnetization direction of some components of the magnetic-thin- 
film memory device arranged in the shape of a matrix by writing in with a write-in line and passing a 
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current to the both sides of an auxiliary line turn to in the desired magnetization direction that is, the 
case where information is written only in some components is explained with reference to drawing 7 and 
drawing 8 . 

[0055] In drawing 7 (a), Iwl shows the write-in current which flows the write-in line 10, and Iw shows 
the write-in auxiliary current which flows the write-in auxiliary line 20. And Hwl shows the write-in 
auxiliary [ which wrote in, showed the field and generated Hw according to the write-in auxiliary 
current Iw ] field when it generated according to the write-in current Iwl. Here, both, since it is smaller 
than the coercive force of the 2nd magnetic layer of a magnetic-thin-film memory device, the write-in 
field Hwl and the write-in auxiliary field Hw cannot change the magnetization direction of the 2nd 
magnetic layer only by one field. However, it writes in with the write-in field Hwl, and since the 
synthetic field HI of the auxiliary field Hw is larger than the coercive force of the 2nd magnetic layer, 
when it writes in with the write-in current Iwl and the both sides of the auxiliary current Iw are poured, 
the magnetization direction of the 2nd magnetic layer can be changed. 

[0056] Drawing 7 (b) shows the easy axis 4 of the write-in field Hwl, the write-in auxiliary field Hw, 
the synthetic field HI, and the 2nd magnetic layer 2. Here, since the synthetic field HI is larger than the 
coercive force of the 2nd magnetic layer 2, the 2nd magnetic layer 2 is magnetized by the synthetic field 
HI, and the magnetization direction Bl becomes in the direction of a component parallel to the easy axis 
4 of the synthetic field HI. In addition, the write-in field Hwl generated according to the write-in 
current Iwl is almost parallel to the easy axis 4 of the 2nd magnetic layer 2, and since the write-in 
auxiliary field Hw generated according to the write-in auxiliary current Iw is almost perpendicular to the 
easy axis 4 of the 2nd magnetic layer 2, the magnetization direction Bl is decided by the write-in field 
Hwl Iwl , i.e., a write-in current. 

[0057] Drawing 8 (a) is written in in the direction contrary to the write-in current Iwl of drawing 7 , and 
is passing the current Iw2. Therefore, the direction of the write-in field Hw2 to generate also becomes in 
the direction contrary to the write-in field Hwl of drawing 7 . Therefore, as shown in (b), magnetization 
direction B-2 of the 2nd magnetic layer also becomes in the direction contrary to the magnetization 
direction Bl of drawing 7 . 

[0058] As mentioned above, in the shape of a matrix, when a magnetic-thm-film memory device is 
arranged, only the magnetization direction of the magnetic-thin-film memory device of the part can be 
changed by passing a current only to the write-in line and the write-in auxiliary line which pass along 
the part of the magnetic-thin-film memory device to which the magnetization direction wants to change. 
Moreover, the magnetization direction of a magnetic-thin-film memory device can turn a write-in line 
towards desired according to the direction of the flowing current. 

[0059] In reading the information written in the magnetic-thin-film memory device arranged in the 
shape of a matrix on the other hand While reading to the read-out line to which the magnetic-thin-film 
memory device to read was connected and passing a current The magnetization direction of the 2nd 
magnetic layer which is the written-in information can be distinguished by detecting the voltage 
variation of a read-out line when passing a sink and playback pulse current for playback pulse current on 
the write-in line which passes along the part of the magnetic-thin-film memory device. 
[0060] (Example 1) Co was used as the 2nd large magnetic layer 2 of Fe and coercive force as the 1st 
small magnetic layer 1 of coercive force, DLC was used as an insulating layer 3, and the ferromagnetic 
tunnel junction and magnetic-thin-film memory device of Fe(50nm)/DLC(2nm)/Co (50nm) were 
produced. Drawing 9 shows the perspective view (a) and mimetic diagram (b) of a sample which were 
produced in order to investigate the magnetic-reluctance curve of the ferromagnetic tunnel junction 9. In 
addition, the magnetic-reluctance curve was measured under the impression magnetic field 500 [Oe] by 
the direct-current 4 terminal method. Moreover, Fe/DLC/Co3 layer membrane of the magnitude of 
10mm angle was also produced, and the magnetization curve was investigated by VSM. 
[0061] The process which forms a ferromagnetic tunnel junction in below is explained. 
[0062] First, Fe layer was formed by 50nm of thickness on the glass substrate on the membrane 
formation conditions shown below by DC spatter. 
[0063] 
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ultimate-pressure force 5x10-5 PaAr gas 10 SCCM membrane formation pressure 0.5 Pa injection power 
100 W membrane formation rate 0.5 nm/sec ~ patterning of the Fe layer obtained in this way was 
carried out to the lmmxlOmm rectangle using ultra-fine processing technology, and it was used as the 
1st magnetic layer 1. 

[0064] Next, the DLC film was formed by 2nm of thickness on the 1st magnetic layer 1 on the 

membrane formation conditions shown below by the plasma-CVD method. 

[0065] 

Ultimate-pressure force 3x10-3 Pa ethylene gas 10 SCCM membrane formation pressure 3 Pa injection 

power 100 W membrane formation rate Micro processing of the DLC film obtained by carrying out 10 

nm/min **** was carried out to phi3mm, and it was made into the insulating layer 3. 

[0066] Then, this was again moved to DC sputtering system, and Co layer was formed by 50nm of 

thickness on the following membrane formation conditions. 

[0067] 

ultimate-pressure force 5x10-5 PaAr gas 10 SCCM membrane formation pressure 0.5 Pa injection power 
100 W membrane formation rate 0.5 nm/sec - patterning of the Co layer obtained in this way was 
carried out to the shape of a lmmxlOmm stripe with ultra-fine processing technology like the 1st 
magnetic layer, the ferromagnetic tunnel junction 9 of Fe/DLC/Co whose plane-of-composition product 
is lmmxlmm was formed, and the magnetic-reluctance curve was investigated. 
[0068] Moreover, the lOmmxlOmm tunnel junction was formed by the same approach, and the 
magnetization curve was also investigated. Consequently, the magnetic-reluctance curve shown in 
drawing 10 and the magnetization curve by VSM shown in drawing 1 1 were obtained. Here, MR rate of 
change shown in drawing 10 was given by x(deltaR/R) 100 (R: resistance, the amount of 
deltaRxesistance value changes), and 12% of MR rate of change was obtained below by the impression 
magnetic field 100 [Oe] by the sample of this example. 

[0069] The magnetic-thin-film memory device as shown in drawing 5 using this Fe/DLC/Co 
ferromagnetism tunnel junction was produced at the process as follows. 

[0070] First, after forming Fe layer by 50nm of thickness, impressing the magnetic field of 500 [Oe] in 
the direction which forms the read-out line on a glass substrate, patterning was carried out to the 
2micrometerxl0micrometer rectangle using ultra-fine processing technology, and it considered as the 
1st magnetic layer 1. Thus, the easy axis of the formed magnetic layer becomes parallel to the direction 
of the impressed magnetic field by forming membranes, impressing a magnetic field. 
[0071] Next, on the 1st magnetic layer 1, the diamond RAIKUKA-Bonn (DLC) film was formed 2nm of 
thickness, and carried out micro processing, and it considered as the insulating layer 3. 
[0072] Then, after forming Co layer by 50nm of thickness, having moved this to DC sputtering system 
again, and impressing the same magnetic field as the case of Fe layer, patterning was carried out to the 
shape of a ImicrometerxlOmicrometer stripe with ultra-fine processing technology, and it considered as 
the 2nd magnetic layer 2. The plane-of-composition product formed the tunnel junction of Fe/DLC/Co 
which is lmicrometerx3micrometer according to the above process. 

[0073] Next, the Cr(5nm)/Au(200nm)/Cr (5nm) film was read, and it formed as a line 5 so that it might 
connect with the 1st magnetic layer 1 and the 2nd magnetic layer 2. 

[0074] Then, after forming the insulator layer 7 which consists of an alumina 200nm of thickness by RF 
spatter, the Cr(5nm)/Au(200nm)/Cr (5nm) film was formed again, and it read to the upper part of the 
tunnel junction section, and patterning was carried out to band-like, it wrote in in the direction parallel to 
a line 5, and the auxiliary line 20 was formed. Furthermore, the write-in line 10 by which patterning was 
carried out to band-like was formed in the direction which writes in with the insulator layer 6 which 
consists of an alumina of 200nm of thickness, and carries out a right angle to an auxiliary line 20 by the 
same approach, and it considered as the magnetic-thin-film memory device. 
[0075] In this way, when the check of the obtained magnetic-thin-film memory of operation was 
performed, writing and read-out were able to be performed normally. That is, at the time of writing, 
desired voltage variation was able to be obtained from the read-out line by passing playback pulse 
current at the time of read-out by magnetizing the 1st magnetic layer 1 and the 2nd magnetic layer 2 of a 
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magnetic-thin- film memory device in the direction of the field generated according to the write-in 
current. 

[0076] (Example 2) By the same approach as an example 1, the ferromagnetic tunnel junction of the film 
configuration of a publication was produced to Table 1, the magnetic-reluctance curve was investigated, 
and the obtained magnetic-reluctance rate of change was shown in Table 1. As shown in this table, it has 
checked that 5 - 25% of MR rate of change was obtained also about which sample. 
[0077] Next, when the magnetic-thin-film memory device using these ferromagnetic tunnel junctions 
was produced and the check of operation was performed like the example 1, writing and read-out were 
able to be performed normally. 

[0078] The ferromagnetic tunnel junction which made the diamond RAIKUKA-Bonn film the insulating 
layer with the film configuration given in Table 1 by the approach with the same said of a comparison 
sample was produced, the magnetic-reluctance curve was investigated, and the obtained magnetic- 
reluctance rate of change was shown in Table 1. As shown in this table, neither of the comparison 
samples was obtained only for 0.1 - 0.2% of MR rate of change. Since a uniform insulating layer is not 
formed as this reason when insulating thickness is as thin as lnm, a pinhole increases, and it thinks 
because an electric bridge will be formed between two magnetic layers. Moreover, when insulating 
thickness is as thick as 30nm, it thinks because tunnel current will be scattered about. 
[0079] Next, when the magnetic-thin-film memory device using the ferromagnetic tunnel junction of a 
comparison sample was produced and the check of operation was performed like the above-mentioned 
sample, it did not operate normally. 
[0080] 
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[0081] (Example 3) By the same approach as an example 1, the ferromagnetic tunnel junction which 
made the poly PARAKI silylene the insulating layer was produced with the film configuration given in 
Table 2, the magnetic-reluctance curve was investigated, and the obtained magnetic-reluctance rate of 
change was shown in Table 2. As shown in this table, it has checked that 6 - 13% of MR rate of change 
was obtained also about which sample. 

[0082] In addition, the poly PARAKI silylene film was produced by the following approaches here. 
First, after evaporating the JIPARA xylylene of a raw material at about 150 degrees C under a vacuum, 
it pyrolyzed at 600 degrees C in the furnace, and the poly PARAKI silylene film was produced by 
reaction pressure 20mTorr at the membrane formation room. The membrane formation rate formed 
Parylene N and Parylene C of Union Carbide by 10 nm/min as poly PARAKI silylene. 
[0083] Next, when the magnetic-thin-film memory device using these ferromagnetic tunnel junctions 
was produced and the check of operation was performed like the example 1, writing and read-out were 
able to be performed normally. 

[0084] The ferromagnetic tunnel junction which made the insulating layer the poly PARAKI silylene or 
polo monochrome PARAKI silylene with the film configuration given in Table 2 by the approach with 
the same said of a comparison sample was produced, the magnetic-reluctance curve was investigated, 
and the obtained magnetic-reluctance rate of change was shown in Table 2. As shown in this table, 
neither of the comparison samples was obtained only for 0.1 - 0.3% of MR rate of change. Since a 
uniform insulating layer is not formed as this reason when insulating thickness is as thin as lnm, a 
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pinhole increases, and it thinks because an electric bridge will be formed between two magnetic layers. 
Moreover, when insulating thickness is as thick as 25nm, it thinks because tunnel current will be 
scattered about. 

[0085] Next, when the magnetic-thin-film memory device using the ferromagnetic tunnel junction of a 
comparison sample was produced and the check of operation was performed like the above-mentioned 
sample, it did not operate normally. 
[0086] 
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[0087] (Example 4) By the same approach as an example 1, the ferromagnetic tunnel junction which 
made aluminum 203 the insulating layer was produced with the film configuration given in Table 3, the 
magnetic-reluctance curve was investigated, and the obtained magnetic-reluctance rate of change was 
shown in Table 3. As shown in this table, it has checked that 13 - 20% of MR rate of change was 
obtained also about which sample. 

[0088] In addition, after 20aluminum3 insulating layer produced aluminum metal membrane by the 
spatter, in atmospheric air, natural oxidation of it was carried out for 24 hours, and it was formed here. 
[0089] Next, when the magnetic-thin-film memory device using these ferromagnetic tunnel junctions 
was produced and the check of operation was performed like the example 1, writing and read-out were 
able to be performed normally. 

[0090] The ferromagnetic tunnel junction which made aluminum 203 the insulating layer with the film 
configuration given in Table 3 by the approach with the same said of a comparison sample was 
produced, the magnetic-reluctance curve was investigated, and the obtained magnetic-reluctance rate of 
change was shown in Table 3. As shown in this table, by the comparison sample, only 0.2% of MR rate 
of change was obtained. As this reason, since the insulating layer is as thin as lnm, a pinhole increases, 
and it thinks because a bridge is electrically made between up-and-down magnetic layers. 
[0091] Next, when the magnetic-thin-film memory device using the ferromagnetic tunnel junction of a 
comparison sample was produced and the check of operation was performed like the above-mentioned 
sample, it did not operate normally. 
[0092] 
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[0093] Moreover, as a result of investigating resistance of the magnetic-thin-film memory device 
produced in the examples 1-3, it was very as low as l-5ohm. This value is as low as 1/10 or less [ of 
resistance of the spin bulb structure GMR memory device of the same magnitude ]. 
[0094] as mentioned above - according to [ so that clearly ] this invention - the very simple three-tiered 
structure of a magnetic layer / insulating layer / magnetic layer - having - and - low - a magnetic- 
thin-film memory device [ **** ] can be offered. 
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[0095] 

[Effect of the Invention] Since the magnetic-thin-film memory device concerning this invention can 
obtain big MR rate of change by the simple three-tiered structure as explained above, it can form a 
magnetic-thin-film memory device by low cost. 

[0096] Moreover, resistance of a magnetic-thin- film memory device can be made small, and generation 
of heat in a component can be lessened. 

[0097] Moreover, when the oxide which uses diamond RAIKUKA-Bonn, the poly PARAKI silylene, or 
aluminum as a principal component is used as an ingredient of an insulating layer, the tunnel junction 
from which the tunnel effect is acquired can be formed easily. 

[0098] Moreover, without forming a very thin magnetic layer, an electric conduction non-magnetic 
layer, etc., only by the simple production process, since magnetic-thin-film memory can be 
manufactured, a manufacture yield can be raised. 

[0099] Moreover, the magnetic-thin-film memory device concerning this invention has small resistance, 
and it can offer the magnetic-thin-film memory of a low power while large capacity-ization of memory 
is attained, since it will be in a low resistance condition in the condition of not impressing a field, 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shQ^ys the word which can not_be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view for explaining the write-in actuation to the magnetic-thin-film memory 
device concerning this invention. 

[Drawing 2] It is a sectional view for explaining the read-out actuation to the magnetic-thin- film 
memory device concerning this invention. 

[Drawing 3] It is a sectional view for explaining the read-out actuation to the magnetic-thin- film 
memory device concerning this invention. 

[Drawing 4] It is the wave form chart having shown the voltage variation which reads according to the 
current wave form of playback pulse current, and playback pulse current, and is produced on a line. 
[Drawing 5] It is the top view and sectional view having shown the structure of the magnetic-thin-film 
memory device concerning this invention. 

[Drawing 6] It is the top view and sectional view having shown the configuration of the magnetic-thin- 
film memory concerning this invention. 

[Drawing 7] It is an explanatory view for explaining the write-in actuation to the component which 
constitutes the magnetic-thin-film memory concerning this invention. 

[Drawing 8] It is an explanatory view for explaining the write-in actuation to the component which 
constitutes the magnetic-thin-film memory concerning this invention. 

[Drawing 9] It is the perspective view and top view having shown the sample of a tunnel junction. 
[Drawing 1 0] It is the graph which showed the magnetic-reluctance curve in the tunnel junction of an 
example 1. 

[Drawing 11] It is the graph which showed the magnetization curve in the tunnel junction of an example 
1. 

[Drawing 12] It is a sectional view for explaining the write-in actuation to the conventional magnetic- 
thin-film memory device. 

[Drawing 13] It is a sectional view for explaining the read-out actuation to the conventional magnetic- 
thin-film memory device. 

[Drawing 14] It is a sectional view for explaining the read-out actuation to the conventional magnetic- 
thin-film memory device. 
[Description of Notations] 

1 1st Magnetic Layer 

2 2nd Magnetic Layer 

3 Insulating Layer 

4 Easy Axis 

5 Read-out Line 

6 Seven Insulator layer 
10, 11, 12, 13 Write-in line 

20, 21, 22, 23 Write-in auxiliary line 
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fbTjfateN i Fe/FeMn*BTr©52a»*ttK:J:0 

issn, a^r©«aa (7U-» ©€B<b7jfa«jgs 
So tot, n«a*snp*T7U-a©«fl:*fii«w 

[0 0 0 6] C©Xlf>/tA'^llt«ffl l/fc*tt*«y 
LT, USP-5, 343. 422»cw*nfc *>©j6«» £> 

ftTv»*. ^©attaa^^Eua^-cja. 2<i© 
r o j , ru s, 2-z>comam<Dm<t^Am-^ 
xtta*isitts5 2o©«ati/Ta*a*, a^atr 
»tt*stta©aa*«ai-r4 a#a*n 

aKa»s«tta©«a*a*wtaK. ittjm/t 
u a^- icaaswr *aaa£Ai*.s£Sftf& 

*»aTa*ii*nTt»*a«*a*iBt- ct^a 

[0 0 0 7] [«»7i'J1MW] Jpn. J. Appl.Phy 
s. 33 (1994)L1668K«, CoP t *»6»:*««*©a^ 
^BttJl (A- Ha) tNlFeCo*645lltlttI 

(77 h«) S#«MICu*^l/T«ILfcWl7i 

'jS!©ai4aa©wi*^^nTii-5. ;:©mtt»^T- 
a. /\- h'iiv7 ha©a<k*j6]*«ra-*ifi]©«-&t 
35*1^©*^^, *-©jsKaa*afb"r*. 
[0008] z.<Dm&*m*mm\,itw»Bm* i £vm 

filT. Jpn. J. AppI. Phys. Part2. 34 (1994) L415(C^$ 

njt^BiWDsnTiJ*. ^©attaa/^'ja^T? 
A-Ha»ca«*a*atrfc«e>> a*a*nrvj* 

[0 0 0 9] ~ ET, CCBttiB/tUXfCfiB* 

4K*b3t»awffi©«scBJ&#auTKa-r*. 
[ooio] ana. ^©attaa^^'ja^ic, a 



(3) 
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V7M (8H4J1) 4 1tA-HI (SBM4S) 4 2*>6 
•5. -€-bT» A-FI4 2©2^©^k*tSl^, 21® 

roj , r i j tmv^Tznz 

112 (a) KmmMKXDK&mftl 0 a #58 

£U V7M4 1©iWi4 1a, A 

-HI4 2ffl«ft»|6]tt4 2al:&0, (b) 10 

14 lCDmb7jftte4 1 b. A-HI4 2<DmfcJ5ft\3. 
4 2 bKtt*. «, V7H4 lfc* 

tfT?&<A-KJi4 2©«fc#flSI6A*©fc+#£li 

[0 0 11] 01311 012 (a) tr^LfeKSrfH-lHl 

as, ^ y jiff fc»*&*nfc* 

tt*ffl-r«^C»4H 1 3 (a) fc7j*Lfc<fc5fcK 

p#fnu ooin (V7H4 1 omtisfttznifimtT 20 

*««JH 0 at. . -(b) fcjSLfcJ; 5fc 

mmmKXDmMtimxi 0 b#> 

«rr. £©b£, attwui/^u^ttttt-rstt^tai/ 

[0 0 12] HiLT, K*M-BDa>afr>*flNBJtl 0 a 
ftlOitfcW^fctt, V7M4 1 CDaWt*lS)4 lai, 
A-K14 2(Dfl8E{fc*l6]4 2 a ^fttCfc D , Nrtf 
SOOpUfl-gMKIU 0 a*jD^.fc*-&tCtt, V7 hJf 
4 10>ttflS^A4 1 bt. A-HB4 2®flMls3rA4 2 30 

[0013] ai4lt 08 (b) \Z^ftmSiMO<D 
ST. 

[0 0 14] CCLT, "(a). KiftUfcJ:"5fc£«fil-l30 
0»V^«W» 1 0 a ftUn?Lfc«^ica, V7M4 1 
cOfi8<t;7j(S]4 1 a t, A-FH4 2©fiBfb#|fi)4 2 b*» 40 
i^faKfttK (b) fc:*UfcJ:5ft:«HHaO©»^n 
1 0 a £iDAfc»&Ktt, V7M41 ©S*<b7J 
|pJ4 1bt, A— FS4 2 0«Yt*l6l4 2 b**H— 

[0015] ±ai©cfc 5 tc. s$ji*n i o sansm 

5*MBH»»ftaEfbS-frfc«^, A- KJf 4 2 ©8Hb;£fa 50 



(±#. XttRT) ftoT, CI ©SEE 

V©^»j£&fij-f SCtfCiO, .A- KS4 2<DMi\:Jj 

[0 0 16] 

~ 2 0 0 A©**K*>»*ttJi^, CuS £©3l«tt# 
mttSS4BJBlJ:aBTSfcft*it45«tW t ^S*-7*D-fe7 l 

[0017] 'ty-m. *tu* 

h y y ^xttlcE«sn, 8XI2ftbSri4lctt<K* 
; ey*^*?»*tBL.«»c«toa5!ifc:*«*Tt»*. -© 

ft*, ffiot, LT**U ©«****< 

[0 0 18] **0IH:, 
*T«3BSnfc*>©T?*^T, WB^Jmfd: 3 ESIjftfr 
€>ftD, fifittTV*«7-n;*a*4>fc<; *#»b***J1ig 

&iSBtt»BM * y i * * y t««-r * 

[0 0 19] 

3Wff«e«ll«ttJiar«B2«ttJIt#b, if2Stt 
8©«SB*tt, IM6i'«ttJi©«aWjJ:D**<, tt£ 
1 8&A 2 S&ttJl £ ©WC, h >*-lW»***» 6 

[0020] X, #»9!fc## ^eujih 8 - 

« fl. t b T ^ -f -V =E > h* 7 -f ^ * - * > * « ^ 1 ^ ^ t * 

[0 0 2 1 ] X.^SBMlC^sattWBI^^'J*^ 
tt, ±E»l«ttJi3&y*2«ttJifc»E*nfc«»Ji© 

[0 0 2 21X *mw\zfrfr%>m&wm* : £v 
it. ±ia*i«ttJia^«t2att»fc**nfciB»jio 

[0 0 2 3] X. ♦SWJWSattM^t'JH ± 

ftUiemtt»M^^ mmz&mzntzWifrtiiLmt, 
m^tavmiz¥nu^tmmu^^nzm»M^ifrv 

[0 0 2 4] 



(4) 

5 

«W&3JI«i6fcJ;D. **fc««fittX<b* (MR^ 
[0 0 2 5] X, h>*;U^K<£oT*&^)i£giEn£ 

[0 0 2 6] tmmvtmtvx* nr^yv? 

[0027] ^xatz^ftBttVK^^ux?* 
« t>&tttt*it / % u etna:, * u x^jiina: 3 
mmm-e&zfztb, mmtmmxmx\ •tt«R^%u 

[0028] **wica»a>*«tt»ii**y*** 

[0 0 2 9] 20 
MUM] 

#U ±!2*l«tt«tfB2«ttJimiC9in*«ah> 

TV»*fc», ±fE*l«ttMtJB2«tt»IBK3Sn*h 30 

ft#TS^.i:^ae>nTtiS (J. Magn. Mag 
n. Mater. 98 (1991) L7-L9] . *L 

[0 0 3 0] ±c««h>*u>y«i*ic«#r 

*. !Bl«ttlit»2«ttJiO«fl:*»ll!ltt 3 FffTr, £ 

s^iss-r-s-tic^o. iiitti®^. xtesstia 40 
•5. 

[0 0 3 1 ] ^U, ±ffi«»h>^'J>5 r «S*K:J:0 
JBi«tt«iJB2«ttJio«ft*rt*«, F!-*i8J©t# 
K«»J8tfitf*«<fc0. 2*^rfi] (18 0° jS?#[S]) oi 

©afl2#l«0&— £©«#-e£fls£ltfci§-& (#JAtf, ^ 



#OT9-9 19 4 9 

6 

[0 0 3 2] CZT, JBl«ttJittT**«»MBWMB 

S^^d««t<, »*L<«5 0 [Oe]£TF. *0»*U< 
ttl 0 [OelETFTi&S. H £-e#a;*J©f8ffl£ 5 0 [Oe] 
KTtl/fcfl)tt. 5 0 [Oe] J:«3**V»t«fl:*lftl«:3E* 

-5 3 t iz J; D W £ © * * 3 fc 3 Z. i *»T * 5 **, 
JfJPli, 5~1 0 OnmT&'SZlt^W* UH. 5nm«J:0 

Ttt, Fe, NiFe, NiFe CofSffiWrt*« 
T#5. 

[0 0 3 3] -5, £2ttttJI©{MBfttt, IllttI 
©fiHB#J:!5**<-r*&*& t »B» ff$Ktt5O[0 
elfiUh, £9»$L<tei o 0 [Oe] R±T<&-5. 
«aft©«BB£ 5 0 [Oe] Hk±t Vtc<D\Z. 5 0 [Oe] <fc 0 

M> S2«ttl©«a*®*t$fc. mated 

**Sfc«»rrS S®Ct3^T«, 5~1 

0 0M7r**Ct*»»*bt>. X, f 2ltti©TOt 
LTIt Co, CoFe, CoPt, MnSb§S:fflH 

[0 034] ±&miM&mt&2m&m<D&mti(Dm 

Ii2 0 [0e] H±aMT, »SL<li5 0 [0e]K±, «fc 

DfffSKttl 0 0 [OelfiUn?**. 

£2 0 [Oe] Sl±tVtz<D\t, ftSA®f«i2 0 [Oe] J; 0 

/Jn£^£> «f«*tl*UlTt#K, SgiattJf ©a-ft* 

|6];m££{fc31*5fc&twin*£^a#©ff&f£ftfB 

[0 0 3 5] X, ±E««h>*'J>i'3&*£#*&«> 

era. ±i2^iatt^i^2mttstc*^nfc«e^e© 

Onm, J;OJf*L-<lil~l 0 nm©i5ffl"C$>5. id 
T» *6»S©JSJS©«H*1~2 OnmtUit©tt, 1 nm 
J; 0 t \L - J\/1fi& < £ D ^-^^x >•> * 

>h*7-fi7*-^> (6tT. DLCtlr>5) . #U/t7 
DLC, Xtt#UA7+^UW>«ffl^^ 
[0 0 3 6] [^iCA^^Sfill/tWfffll 



7 

[0 0 3 7] ilit ^©^ttSK^^'JUl^JC, «$g 
ftlli«2lffii2*?,a5. X, 

5B^s*5»#a*iBnr*b, 1 o fcSEns 

aC*2«tt»2tt«<fcSn5. ^-IT, S&2BttJl2© 

«fl:*rftitw', 210 roj , r i j ^joist ens. 

[0 0 3 8] El (a) ©«£, *#&#.*fll 0 £Sim 
•SHitJCfcO, 9 ©*««# 1 0 a*tfg£b, 

^-©i&m, * 1 «tt« 1 ©«fl:*ltl»4 1 a, M§2BttB 
2©fiBft;:£l6]l42 aC40. (b) ©i§£, ttffi-HD© 

o b*»3B£u ^©^m, miM&mKnm 

fc#6lttlb. *2«ttJi2©afl:3&lfctt2 bfcfc*. 

n. »*a*©»*»a, » i BttJi i «»fcft < % 2 a 

[0 0 3 9] B2S, 01 (a) KiSbfeKBSftHIlO© 
M^tii-r«^fc«0 2 (a) \Z^tc^ot£.WMm 

m x> oat> or i Btts i ©«<b*isi«:tt*«SBft-r*« 

naWKJUOai, (b) fcjR b-fci 3 
0D©P^tt*»ff'l 0 b*«, HCHTf, Bttiftt*^ 
'J fjmcJO* €>n^>J; 5 1 0 

•r. iok, ittii / * u *f i*«t 5tt*ia m 

[0 0 4 0] dCT, R«rW-@«5 0'PV^««l?-l 0 a 
&in*.;fc*£»Ctt. ?g 1 BttJI 1 ©B{b#ft 1 at, M 
2«tt«2 0«{t*lRl2 a*»W-*ia»C!a:D, WHO 
0»H*WJI' 1 0 a 4iO*.fc»£K:«, £ 1 BttB 1 
©B{b:£fi lbt, ^2 BttJI 2 ©Bfb^ft 2 a fliSfcfr 

[0 04 1] I3B, 11 (b) tC^UfcPtH-lfilO©^ 

gBB# i o b-c»*a*nfc«Mi*. tt*wr«-&«:iR 
■J-.- 

[0042] ict, guiraoci^asauioa 

ftlOAfc«^K:tt, Il«ttil©Hfc#|6ll at, S 
2«ttJB2©«fb#fa2 bsWSWFfcjlCfc*), BSfHaD© 
1 0 a fcUn*fc«fcfctt, JfS 1 B&J1 1 © 
«ft*iajibt, SB2«ttJi2 0Bfl:^iaj2b*»ra-* 



(5) #S¥9-9 194 9 

8 

©«JQEV^±#TS<, 

[0 0 4 3] ±ai©«k5(C, o*«n*« 
**»ba**k:j:0, attWii/^'JJis^fciioa.&n 

*#»«»«:i6fl; 3 Sg2Btt«2©a{b:£fr 
KiO, «tt*it**'y**©tBa«©«ffiV©SEl&K: 

[0 0 4 4] ft, nfiWK#*flJt05fe-3fct*K. IB IB 

io tti©rafb:&fl££2«ttB©Bfc:£fia*gft£«£- 
j*. *i«tt*©«fl:2fifl]tt« mim&m&oumtxD 
*.*^jB2»ttJi©aYk*i«itBi— ©^sifcRa. 

T, VhU y*X#KBtt««*^Uiit : ?£S2?'JbTB 

vx 7 - & * a < T * ZL t *tr * -2> . 
[0 0 4 5] 04 (a) tt, «f«*tt*ffl"rt*K:, * 

*a***aEn*+«*»6-(BfcSEfl:-r*«* (bit. 

S£/W;*««ffcV>'5) '(b) , (c)-tt, (a) 

^©m^#J©«ffiv©^i&€ri-r. ccf, f^@© 

(a) l:*l/fcJ:5(:, »*&JW«*»En*«»W«+« 

n**«ajwqE{frr*. 02, 

2, 3fc*bfcE««tlII0©«JW«SS£-r*. *UT, 

JS2«ttJi©aft;;8ffl]»a6&-c. (b) fc^bfc<k5K: 
_t#T5>5v XJ4 (c) KibfcJ^KPrFf 3. 
30 T, 1lHieft*ttr&eiCtt. 

ttflttftU ^©t^lcatt^M^^U^Twm^fiiJi: 

*irr ss^m b*ic£ u ^mffi^tbSr^m-r * 
[0046] ftas*ajrifi:, 0 4 (d) \z 

yfk bfc«t 5 fe + «©««^t**bT>b» 2 BttH©® 

m-rt^tc «tt»«**u3iHPfctt. +fi'j©«^tc«t 

(02, 3lC^bfcRKPtHHlO©BI?-) tZVttfift 

jn$n^.. 4bT; i©«*sr«bfci*fc«tt»i«> 

40 *U*^©ffi*«©«flEVt4, '»'2«ttli©«fl:*Iftlfc: 
l5bT, (e) fcSbfcJ:5t*ttbttV^, Xt4 
(c) {Cibfe«fcpJc^i!j-r^ (fiT-T*) = SfoT, 

CtCckO, m2Btt*©^b*[^S: ! l ; iJ^f-r^i«i:7&tT 

[0 0 4 7] M. »2«ttJi©2t?©«Yb*lfil»4, 2 ffi 

© r o j , r i j ictflosrenT^sfc*, ^2Btt 
m<Dm.iKJ5fa<Dm.mt. «ttj»Bt->^u*^©*«© 
»*a*fc»*b. ^2BttB©a{b*[^©^ffli4, a 
50 ttaK^yfc^&owsott^abicttfcT*. 
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[0 0 4 8] [#»Wfca»#*8tt«Bt*^iJfcoi,> 

[0 0 4 9] @5(1 attiSBS* t U jCiH** 1 S^gfl 
(a) i-ecDAA' Bfrffi0 (b) £S;U ^ 
*ffi LSI 5 t^t^f 1 fiBteJI lt«2 a&B 2 
JS*l3'S^LTilSftT^5. H CLT, jR 1 SSttJl 
1 tJB2«ttJ12H:h>*JM**anTWT. JRlStt 

mitm 2-mftm 2 o ttt&»afl h >*;u&£ 

X, Sg2ai4/l2K>«a*Jte, glttttJIl 
[0 0 5 0] ft, JfcRWroBttWW^'JJimci&^T 

^Lfc«fc 5 lessens 3 ogiiBk:aiE3tt*iftK««*«»n 

[0 0 5 1 ] X, ±E«tt*fflt^^U3H^O«ft«F»ttl 

t, ±e«tt*«^ ; E , j* : f, t9a*»i 0, 
*«»>8i 2 0 7 , sensi 6 fiisnxi^. 

[0 0 5 2] attifl«;* ; E l J<D¥M0 (a) £ 

■^CDBB' B»rffi0 (b) SiKU »€f&**& 1 1, 1 
2,13 2 1, 2 2, 2 3 jWBSM"* 

-5. BB* »r®K:*L&«#T?tt, SttftM*- 

tuif3i, 32, 3 3*JiawK:»atanfcffl»««, 

[0 0 5 3] ^©«tp(C, BttHf/t'JJlfWb'J 

y^x«t§2J!snT^*«*fc, att 

41/fc«J|iO*|S|l:aft*nTl.*5. "3*0, 

^tuicra, ^T»*a*!i«ffton*. tot, 
[0054] - -T, &&&&i&tm&&%-ti5nh&am 
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[0 0 5 5] 07 (a) tCfelrVT, Iwllitfii*S 
1 0&*n*»*&*fU*£iSl/, Iwtt»#&3tfitlb 
IS 2 0 S«n*»*&J^9>««£*?'. *l/T, Hw 

la. ##ii^ffisf£i wi (c^o^±ufe»^ji^m# 
*#&#-«iaa#£^-t. zz.t. «*ii*«#Hwi 

2 attHO^a^jck 0 /hS «r>fc*, 
10 Ttt, *I2B1£j|0Bft#l4eXX.«C&#S'Ve&:fr>. 
UfeU tti^*l#Hw 1 tffiiMlill^Hw© 

#t*£#-«Sit I w 1 £S#3i**l&Sffi I w<DMJj&ffi 
[0 0 5 6] 0 7 (b) fit, IfMlSHwl, 

&#-*i&ja^Hw, ^AiiiiLHiKcnK2Stta2C!>« 

■ 20«B*±!)**t>&». f2lttl2H £f£a 
20 #H l fcj:9«ft:atx, -t©«<b*iftiB l tt. £-fi£a# 
Hi©«fb*»W4k:¥fTttJ*#©:#fflK:fc*. « 
£&3-S*fft I w 1 \Z J: 0 ?g£-r-5»#&^a#Hw 1 

a. »2«ttJi2©afl:*a*ii4KsaiFffT. 

«, »2««feji2©a{b«att4k:Hiisfia©T. a 
■fb^iaiB in, »*&*«#Hwiof^»€r&*«i« 

I wl tCfcOftSS. 

[0 0 5 7] 0 8 (a) tt, 0 7 ©#^ji^«dit I w 1 
£jS»©*l6j{cS€fii*«flS I w2**bT^S. «£o 
30 T, ^£T-5«£&*a#Hw2»;&fa&0 7cD#€fii 
WHw 1 £>M<7) 3 „ ftoT, (b) (C^L 

fci 5 CI 2 ltti©M^ 1*1 B 2 t i 7 1*1 B 

1 tm<Dl5\P\\ZtS.2>. 

[0 0 5 8] ±ifi©J:-5lc. TKu'y m&w 

=e u l itm-& tz »a. a<b*i6i * £<b£ ■& 

*ii**ttt««W-K C £tc «fc 0, O 
-5. X, ttttffll^^U'X^OBft^mB; 

[0 0 5 9] VMJ y ^^«lcEW*nfc«ttW 

a, tt^aufc^attWii/^ujii^aiiJisan&tt* 

2 atts^a-fb^ipjs^Jg'JTs - <h*t-e^^. 

50 [0 0 6 0] (^Mfll) fi»*0*3^»llttll 



(7) 
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iL-TF e > ftlA0^tUl21ttI2 tL-TC o, 
iti3tLTDLCSffiK Fe (50nm) /DLC 
(2 in) /Co (5 0nm) ©»«tt h>*)M*£i«tt 
«K*^tfJSfT-£feg{bfe. @9(t mt&h>*JV& 

0 (a) tw-mm^m (b) a&j&fta* 
4 mrm-emmm® so o. toej ©fctxaj^b 

fe. *fe, 10mft©Af$©Fe/DLC/Co3i 
«fcfl5«U V S MTMiH^H^fc. 
[0 0 6 1 ] JWTtc, &&fi=b>*;U«££j&firrsX 10 

[0 0 6 2] ST, tf^T.S&iKDCT./Vy^ffiKck 
OJ^Ttc^TfiKK^^TF em&mm 5 OnmT^b 
fe. 

[0 0 6 3] 
mmj£t) 5 X 1 0 - 5 Pa 

Ar^7 10 SCCM 

!&Wkl£t) 0. 5 Pa 

fiA/^"7- 100 I 

h 0.5 nm/sec 20 
u5UT#6hfcFeiS:, JSiHBJPXft^&ffl l»X 1 mm 
xiOm©ft*»i:/^- = >i'U fllttlltl 
fe. 

[0 0 6 4] Illttll0±l;y7XvCVD 
ffilCiO «TfcjR"f J«R*frT?D L CI*£I8IJP 2 nmT^ 
fiSbfe. 

[0 0 6 5] 
WMBLtS 3X1 0- 3 Pa 

X^W>#X 1 0 SCCM 

tfiWil£t> 3 Pa 30 

SAA"7- 1 0 0 W 

EEll/- h 10 nm/min 

C5l/T#6nfcDLCl*. * 3mfctttilllnXU & 
i»Jl3<hbfe„ 

[0 0 6 6] l^T, Cin^ffSDCX/^^^^Mtc:^ 
U KT©^t*#TColSIS5 OnmT^fiKLfc. 

[0 0 6 7] 
SiMJE* 5 X 1 0 - s Pa 

Ar#7> 10 SCCM 

0. 5 Pa 40 
SA/t7- 1 0 0 W 

J&ggU- h 0.5 nm/sec 

r5bT#e.nfecoS2r, &im&mtmmiz®Lmm 

Xt£Wlz£K> lmmx l Omm©7. h^-f -fftiznjr -—■> 
^L, fg^ffiartUmmx lmm©F e/DLC/CofflS 

[0 0 6 8] X, |p|&©:£j*T 1 0 mmx l 0 mm© h 

mimmhffl^tz. ^©iis*, eii o 

tCSbfe^SStfi^i. 01 1 K^bfeVSMfCkS 

^{bffl^^tf^nfe. iioi:iU;MRfft; so 



2?tt (AR/R) X 1 0 0 (R : Sttffi. AR : JgfctM 

100 [Oe] KTT1 2%©MR^{k^#e>tlfe. 
[0 0 6 9] :©F e/DLC/Co3iffiStth>^;^ 



WT©«fc3XHTfeSibfe. 

[0070] st, *5^»«±ott*tau**»iaT 

•5^(5]^ 5 0 0 [Oe] ©«*SBlflflb&tf«S F e ASM 
Jg5 OnmTJ£j5fcbfe«, «*aDXtt«;*ffl^T2 BiX 

fe. COOK'S C. «««ffllDbfc#e>J«Btt**£i:fc:«fc 

[0 0 7 1] JfclC, SlBttllOifc.y-fT^F? 
-iftl—fcy (DLC)-gt€iUP2nm»riEl/. tftMfflX. 

[0 0 7 2] ^V>T> SSun*DC^7^gICt 
I, FeH©»^t|SI«0««*8l3WL/36:38(»&, Cojf 
£HJP5 OnmXJgfiEbfe&, i&ifflinxgfif IC.J; 9 1 urn 
x 1 0 xim©7> by-Cfmz/^-=.>i/L. I&2B14 
I2itfc. SU:©xeK:«fc9fi£^®«a 1 l umx 3 um 
<DFe/DLC/Cofflh>^;i/g^Mlfc. 

[0 0 7 3] *i«ttHl&tf*2«ttJi2Ktt 
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